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Biomarkers in Imaging:
Realizing Radiology’s Future'’

Modern pharmaceuticals and medical devices have provided substantial benefits to
patients throughout the world. These benefits come at a high and increasing cost,
with development of the typical pharmaceutical requiring 12 years and hundreds of
millions of dollars before gaining U.S. Food and Drug Administration marketing
approval. Appropriate use of imaging biomarkers—defined as anatomic, physio-
logic, biochemical, or molecular parameters detectable with imaging methods used
to establish the presence or severity of disease—offer the prospect of smaller, less
expensive, and more efficient preclinical studies and clinical trials. Scientists, gov-
ernment regulators, and industry have all recognized the potential of biomarkers in
imaging. Although real, this promise can only be realized with the rigorous appli-
cation of science to their use. Success is most likely when (a) the presence of an
imaging marker is closely linked with the presence of a target disease; (b) detection
and/or measurement of the biomarker is accurate, reproducible, and feasible over
time; and (c) measured changes are closely linked to success or failure of the
therapeutic effect of the product being evaluated. By applying this paradigm to the
array of imaging modalities, the radiology community is poised to become a major
force in preclinical and clinical evaluations of new medical treatments.

© RSNA, 2003

Breakthrough advances in pharmaceutical therapy and medical devices have greatly con-
tributed to the improved health and quality of life of people in the United States and
throughout the world. Though these benefits are considerable, they come at a high price,
with the typical new drug taking up to 12 years to develop and costing hundreds of
millions of dollars to gain U.S. Food and Drug Administration (FDA) marketing approval
(1). However, the creative use of imaging methods offers the prospect of improved early
medical product development and preclinical testing, as well as the design of faster,
smaller, and less expensive clinical trials, making the development of drugs and devices
more efficient. In this article, we will review the practices and possibilities for the use of
imaging biomarkers in drug and device development.

The key to understanding the emerging role of radiology in drug and medical device
development is embedded in the concept of biomarkers. The generic term biomarkers
applies to all detection methods used in the life sciences and may be defined as any
detectable biologic parameter, whether biochemical, genetic, histologic, anatomic, phys-
ical, functional, or metabolic. By logical extension, we define imaging biomarkers as any
anatomic, physiologic, biochemical, or molecular parameter detectable with one or more
imaging methods used to help establish the presence and/or severity of disease. In this
construct, what radiologists have traditionally referred to as “roentgen signs” are part of
the broader concept of imaging biomarkers.

Biomarkers, including imaging biomarkers, have been recognized by clinical scientists,
industry researchers, and regulatory bodies such as the FDA as suitable parameters around
which to design clinical trials. The goal of the use of biomarkers is to speed the develop-
ment of safe and effective medical therapies and procedures. In 1999, the National
Institutes of Health and the FDA jointly sponsored a symposium entitled “Biomarkers and
Surrogate Endpoints: Advancing Clinical Research and Applications.” Objectives of the
conference included, among others, the following: to “encourage innovative collaboration
among public and private partners in the clinical trials enterprise in evaluating biomarkers
that may be used as surrogate endpoints” and to “broaden awareness in the scientific and
medical community of substituting biomarkers for clinical endpoints in evaluating the
safety and efficacy of novel therapies” (2).
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The purpose of this commentary is to
explore the limitations of traditional
clinical trial end points as a motivation
for the use of biomarkers and to review
the statutory basis for the use of nontra-
ditional surrogate end points such as im-
aging biomarkers in clinical trials. In ad-
dition, in this commentary we offer
observations aimed at defining the nec-
essary and sufficient conditions for vali-
dating the use of imaging biomarkers as
surrogate end points and call attention to
the important opportunities afforded by
creative applications of biomarkers in im-
aging within the imaging community. By
seizing these opportunities and building
the science of biomarkers in imaging, our
community can improve the efficiency of
new medical product evaluation, ulti-
mately improving care for those in need.

BACKGROUND: TRADITIONAL
END POINTS AND THEIR
ISSUES

The American public has long held high
expectations for its medical therapies, as
reflected by the elaborate regulatory con-
trols established by the Food, Drug and
Cosmetic Act (3). This legislation, admin-
istered by the FDA, requires that new
drugs, devices, and biologics be safe and
effective for their intended use(s).

The establishment of safety and effec-
tiveness for genuinely new medical prod-
ucts often involves a lengthy and expen-
sive period of preclinical and clinical trials
(4). Preclinical trials, often conducted in
animals, are typically used to demonstrate
the safety of, as well as proof of concept
for, a new therapy. If promising, the new
product then proceeds to clinical trials in
humans, a process that typically involves
multiple stages commonly known as
phases. These phases progress incremen-
tally from small studies primarily designed
to show the product’s safety in humans, to
much larger studies intended to establish
effectiveness for a given disease or condi-
tion.

The reference standard for clinical tri-
als is the prospective, randomized, well-
controlled, double-blind study, originally
developed to test the safety and effective-
ness of new drugs (4). As the name im-
plies, these studies are split into two
groups, or “arms”: In one arm, study
participants receive the therapy; in the
second arm, a control group tradition-
ally receives no therapy other than a
nontherapeutic placebo, although other
types of controls may be used. During the
trial, both the health care provider ad-
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ministering the therapy and the patient
are ideally unaware, or “blinded,” as to
whether the therapy or the placebo or
control condition is being used. By us-
ing prospective subject recruitment,
two study arms, and double blinding, a
variety of potential experimental biases
are avoided and the truest possible results
can be obtained. While a number of
other experimental constructs exist for
clinical trials, the data from prospec-
tive, randomized, well-controlled, dou-
ble-blind studies continue to be the
most widely accepted by FDA and sci-
entists alike.

Prospective, well-controlled, and dou-
ble-blind and other clinical studies have
historically used the traditional clinical
end points of morbidity and mortality to
establish whether the therapy under in-
vestigation is safe and effective, bench-
marks also known as “true” end points.
The classic end point of mortality deter-
mines whether the new therapy de-
creases the rate of death in comparison
with that of a control group. A common
example is S-year survival in the setting
of cancer therapies. Another traditional,
yet broader, end point is morbidity, in
which investigators examine whether pa-
tients undergoing the therapy are in
some way more functional or enjoy a
higher quality of life than do those who
did not receive the therapy. An example
is exercise tolerance following adminis-
tration of a therapeutic agent in patients
with asthma.

These traditional end points, while
widely respected in the scientific and reg-
ulatory communities, are not without in-
herent limitations. Mortality, although
straightforward to measure, often takes
years of follow-up to establish, adding
considerable cost and delay to the evalu-
ation of safe and effective new treat-
ments. Time frame notwithstanding, pa-
tients are also frequently lost to follow-
up, experience intercurrent illness, or
undergo additional therapy, which fur-
ther complicate the use of this end point.
The determination of morbidity, al-
though potentially involving a shorter
evaluation time frame, is often consider-
ably more subjective. For example, use of
pain as an end point in trials to examine
the effectiveness of analgesic medica-
tions has traditionally involved patient
estimation of pain levels, with essentially
no ability to verify data objectively.

Apart from the difficulty in evaluating
traditional end points themselves, there
may be considerable technical issues in
the application of a prospective, random-
ized, well-controlled, double-blind study

design to a given trial. Initially, prospec-
tive recruitment of suitable patients in
sufficient numbers may prove difficult or
impossible. This is particularly true when
a disease has a low prevalence or affected
patients are aggressively seeking other
traditional or nontraditional treatments
(not an uncommon occurrence in an en-
vironment where patients often perceive
treatment of any kind to be beneficial). A
frequently cited example of the latter was
clinical testing of early AIDS medica-
tions, where it was difficult to find pa-
tients willing to give up use of a variety of
unproven remedies in order to take part
in clinical studies (5).

Ethical issues may also affect the use of
traditional placebo-control groups. When
there is an existing clinically accepted
treatment for the condition being evalu-
ated, it is unethical to withhold that treat-
ment, which makes possible only a com-
parison to the existing treatment. There are
also substantial issues when a sponsor is
seeking an additional indication for an ex-
isting medical product that has already
been extensively used “off label” to treat
that indication and when such use may be
considered the standard of care. This situ-
ation recently arose when sponsors sought
to establish the safety and efficacy of pedi-
cle screws for posterior spinal fixation. The
products had already been extensively
used in an off-label manner and were con-
sidered by many to be the medical stan-
dard of care, effectively eliminating the
possibility of a traditional placebo-control
group (6).

Even when a prospective, randomized,
well-controlled, double-blind study is
technically and ethically feasible, the
high cost and long time frame typically
involved in such studies have a substan-
tial impact (1). High cost may discourage
sponsors from focusing on all but “block-
buster” products that address the needs
of large groups of affected patients so
that the return on any investment may
be maximized. Cost may also prevent
smaller firms from undertaking clinical
studies entirely. Perhaps most important,
the substantial time commitment re-
quired to conduct prospective, well-con-
trolled, double-blind studies may unduly
delay the widespread clinical introduction
of safe and effective treatments, keeping
the treatments from patients who could
directly benefit from the therapy.

BIOMARKERS IN IMAGING: A
VEHICLE FOR CHANGE

Every day, radiologists assess findings in
imaging studies that gauge the effective-
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Typical industrial product-development pathway outlines steps necessary to initially identify a promising site of therapeutic action and potential
therapy that affects that site and then validate that therapy for clinical use. In this diagram, targets are typically molecular steps or events in the
physiology or pathophysiology that could be targeted with new therapies, such as a receptor or a signal transduction pathway. “Leads” are novel
compounds or devices that might act on such targets.

ness of medical treatments. These imag-
ing biomarkers range from simple mea-
surement of tumor mass to cutting-edge
magnetic resonance (MR) imaging se-
quences developed to enable evaluation
of the presence of cerebral ischemia. The
benefit of these techniques is obvious to
the patient being evaluated and the
health care providers coordinating that
patient’s care. However, a broader and
potentially more important use of these
techniques is the systematic evaluation
of the therapies themselves, where the
imaging biomarkers become surrogate
end points for clinical trials.

Key to the enormous potential of im-
aging biomarkers is the reality that many
medical therapies alter the anatomic,
physiologic, biochemical, or molecular
parameters readily visualized with imag-
ing techniques. Particularly with estab-
lished modalities such as conventional
radiography, computed tomography (CT),
or MR imaging, a large pool of existing
imaging technologies may be brought to
bear in a cost-effective manner to help
assess the presence and severity of many
diseases. Even imaging modalities that
are not yet FDA approved and not gener-
ally applicable in patients may be used
effectively in preclinical decision mak-
ing, as is the case with a number of mo-
lecular imaging methods.

The U.S. Congress and FDA have rec-
ognized the potential of nontraditional
“surrogate” end points in both preclini-
cal and clinical trials, a concept that eas-
ily encompasses imaging biomarkers and
was recently defined by a senior FDA of-
ficial as follows: “A laboratory measure-
ment or physical sign used as a substitute
for a clinically meaningful end point that
measures directly how a patient feels,
functions, or survives. Changes induced
by a therapy on a surrogate end point
that are expected to reflect changes on a
clinically meaningful end point” (7).

The most recent and important appli-
cable law is the Food and Drug Adminis-
tration Modernization Act of 1997 (8),
which was enacted to address perceived
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shortcomings in the existing medical
product regulatory process. A key provi-
sion is section 112 of the act, which ad-
dresses speeding the approval of drugs
intended to treat any serious or life-
threatening condition. Covered condi-
tions are broadly defined to encompass
diseases that affect day-to-day function-
ing or those for which a likelihood of
progression from a less serious state exists
if the condition is left untreated. This
definition is thought to include virtually
any medical condition of consequence.
Under section 112, marketing approval
for a drug may be secured when the FDA
makes the determination that the prod-
uct has an effect on a surrogate end point
that is reasonably likely to predict clini-
cal benefit. This was the case when T2-
weighted MR imaging demonstration of
lesion burden was used for in the ap-
proval process for interferon-p-1b (Beta-
seron; Berlex Laboratories, Montville, NJ)
for treatment of multiple sclerosis (9).
Additional provisions allow for surveil-
lance after marketing approval to help
confirm the validity of the surrogate end
point. Finally, the FDA is required to es-
tablish a program to encourage the devel-
opment of surrogate end points that are
reasonably likely to help predict clinical
benefit for serious or life-threatening
conditions for which there exist substan-
tial unmet medical needs. Together,
these provisions form a strong regulatory
foundation for the appropriate use of im-
aging biomarkers for drug-related trials.
The Food and Drug Administration
Modernization Act does not specifically
address surrogate end points in the eval-
uation of medical devices. However, sec-
tion 205 of the act requires that the
agency use the “least burdensome means
necessary” in granting marketing ap-
proval for medical devices (10). Though
considerably more general than the drug
provisions, the least-burdensome-means
concept is widely believed to include the
appropriate use of surrogate end points
in preclinical and clinical trials, because
evaluation of such end points may be

considerably less burdensome than eval-
uation of traditional end points. As with
the drug provisions of section 112, sec-
tion 205 provides a strong legal basis for
the application of imaging biomarkers in
clinical and preclinical trials.

The pharmaceutical and medical de-
vices industries have also acknowledged
the considerable promise of biomarkers
in general and, by analogy, biomarkers in
imaging, largely focusing on the poten-
tial of biomarkers to increase efficiency in
preclinical and clinical evaluations of
new therapies. The trade literature is re-
plete with discussions of biomarkers, as
can be seen in a recent trade journal ar-
ticle (11) in which the appropriate appli-
cation of biomarkers in medical product
development was explored in depth,
complete with a thoughtful analysis of
their usefulness and inevitable limita-
tions. This article also outlined the steps
those in industry view as necessary to
bring a new medical product to market (a
paradigm outlined in the Figure), linking
those steps to where biomarkers may be
used. Table 1 indicates areas in which
imaging biomarkers may play an impor-
tant role within this paradigm.

Imaging biomarkers, potentially useful
as surrogate end points, exist everywhere
in radiology. One of the most commonly
used is the measurement of tumor size in
primary neoplasms or metastatic disease
in patients undergoing chemotherapy or
radiation therapy. MR signal alterations
in white matter are frequently used to
assess activity in patients being treated
for multiple sclerosis. Even such straight-
forward findings as vertebral body height
have been effectively used to evaluate pa-
tient response to pharmacologic treat-
ments for osteoporosis. Table 1 notes
biomarker imaging modalities applicable
to the various stages of industry’s prod-
uct-development paradigm.

Beyond traditional clinical applica-
tions, many imaging modalities may be
used with animals in the preclinical set-
ting. These include FDA-approved mo-
dalities applicable in patients, as well as
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non-FDA-approved cutting-edge tech-
nologies such as molecular imaging with
nuclear, MR, or optical techniques (12).
Thoughtful use of biomarkers in these
situations may allow early safety and
proof-of-concept determinations and
perhaps further reduce the number of an-
imals necessary to successfully complete
preclinical studies to the satisfaction of
FDA. Perhaps more important, biomarker
use in the preclinical setting may allow
researchers to identify promising new
therapies more quickly, as well as con-
vincingly demonstrate that other prod-
ucts hold no such promise, greatly im-
proving the efficient evolution of the
vast number of drugs and devices in ini-
tial stages of evaluation.

The use of imaging biomarkers in early
stages of development is particularly use-
ful given three aspects of the modern par-
adigm for drug development. First, in
large pharmaceutical and device compa-
nies, a large number of candidate thera-
pies are available, and the key question
facing developers is how to choose
among many competing compounds or
devices. Given finite resources, the choice
of investment in one drug or device
necessarily means no investment in an-
other, and the central challenge becomes
management of a portfolio of competing
candidates. The early-stage information
that imaging biomarkers can provide is
particularly valuable to those who make
these choices. Second, imaging provides
(perhaps uniquely) the ability to validate
in humans the results identified in suc-
cessful animal model experiments. This
validation allows early feedback about
numerous key questions ranging from
dose effectiveness to validation of the
presumed biologic mechanism of action.
Finally, in modern medicine, advance-
ment against disease is typically incre-
mental, and imaging can potentially re-
veal smaller and more subtle changes
indicative of incremental changes that
might be missed with traditional evalua-
tion approaches.

Beyond the application to these three
fundamental aspects of modern develop-
ment, imaging biomarkers have other ad-
vantages. Initially, they may be effec-
tively used to address many of the
inherent limitations associated with tra-
ditional end points in preclinical and
clinical trials. For example, imaging find-
ings are often apparent long before long-
lead-time parameters such as mortality
can be accurately assessed, allowing a
compressed evaluation time frame. Simi-
larly, findings obtained with a variety of
imaging modalities may be far less sub-
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TABLE 1
Roles of Imaging Biomarkers

Imaging Modality

Product Applicability of
Development Stage Imaging Biomarkers
Target identification Yes
Target validation Yes
Lead identification No
Lead optimization Yes
Preclinical testing Yes
Clinical trials Yes
Diagnosis Yes
Patient monitoring Yes

Nuclear medicine, PET, other molecular
imaging approaches

Nuclear medicine, PET, other molecular
imaging approaches

None

Nuclear medicine, PET, other molecular
imaging approaches

Nuclear medicine, PET, other molecular
imaging, CT, MR

CT, MR, US, nuclear medicine, PET,
conventional radiography

CT, MR, US, nuclear medicine, PET,
conventional radiography

CT, MR, US, nuclear medicine, PET,
conventional radiography

Note.—PET = positron emission tomography, US = ultrasonography.

jective than those acquired with morbid-
ity evaluations as currently conducted.
An illustration of this potential can be
seen in the functional MR imaging eval-
uation of pain, a technique that may
hold the promise of a more objective de-
termination than the patient-determina-
tion method presently in use (13).

Imaging biomarkers also have the po-
tential to address many of the technical
and ethical issues concerning prospec-
tive, randomized, double-blind, placebo-
controlled studies. Initially, creative use
of biomarkers may allow each patient to
serve as his or her own control in certain
settings, greatly reducing the number of
patients required to achieve statistical
significance and saving both time and
resources. For example, algorithms are
being developed for accurate and de-
pendable prediction of untreated cerebral
infarct size in ischemic stroke, using per-
fusion and diffusion information ob-
tained with MR imaging in the hyper-
acute phase (14). Patients may then
undergo treatment, with the ultimate
area of ischemia evaluated at a later date
and compared with the predicted out-
come if untreated, eliminating the pro-
found ethical issues associated with for-
going any treatment for this potentially
debilitating condition.

Issues associated with double blinding,
particularly with regard to medical de-
vices, may be effectively addressed by us-
ing appropriate imaging biomarkers. For
example, it may be virtually impossible
to blind a radiologist using a new device
in a clinical trial as to whether he or she
is using the product actually being tested.
However, it may be relatively easy to
blind a radiologist who subsequently

evaluates a trial-associated imaging bio-
marker as to which product was used in
which patient. Even with new pharma-
ceuticals, the use of imaging biomarkers
evaluated by individuals with no subject
or patient contact can be extremely use-
ful in limiting bias related to the lack of
effective investigator blinding.

Even in the context of these limited
examples, outlined in Table 2, it is easy to
see how everyday radiologic findings
may be effectively used as imaging bi-
omarkers. Perhaps just as important,
many of these parameters may be evalu-
ated by using imaging modalities that are
widely available nationwide, providing a
tremendous infrastructure on which to
build biomarkers-related trials. With both
versatility and practicality, imaging bi-
omarkers have enormous potential to aid
in a wide variety of preclinical and clini-
cal trials.

DEVELOPING THE
BIOMARKERS CONCEPT

Imaging biomarkers have enormous po-
tential to improve the speed and effi-
ciency with which medical therapies are
evaluated. As is the case with any eval-
uation tool, however, there are limita-
tions. While promising, imaging bi-
omarkers are not and should never be
considered a solution to every preclinical
or clinical question. Application of bio-
markers in a manner that is less than
fully considered runs the distinct risk of
generating results that are inaccurate or
incomplete. Importantly, it does not re-
quire many such failures to generate a
lack of confidence in the biomarkers con-
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TABLE 2

Biomarkers in Imaging versus True or Traditional End Points

Parameter

True or Traditional
Endpoints

Imaging Biomarkers

Time frame to results

Ability to achieve blinding

Ability to detect subtle Often low
change

Ability of patient to serve
as own control

Access to required
resources

required

May be long, particularly
when mortality used

Objectivity May be low when morbidity
or similarly subjective
end point is used

Cost High, particularly when

mortality or other long-

term end point is used
May be difficult, particularly

with medical devices

Possible, but may be
difficult in practice

Widespread but expensive,
dedicated infrastructure

Potential for substantially shorter
results time frame

Potential for increased
objectivity where end points
other than mortality are used

Relatively low compared with
long-term true or traditional
end points

Relatively easy in the setting of
blinded readers

Routine ability to detect small
changes on images

Possible in many instances

Widespread, with cost of
imaging infrastructure largely
defrayed by routine clinical
use

cept that could extend far beyond a few
poorly designed applications.

Given this potential for negative im-
pact, it is imperative that imaging bio-
markers used in preclinical and clinical
decision-making be appropriately vali-
dated for use as surrogate end points for
the application at issue. Such validation
may be established when the following
three criteria are met: (a) The presence of
the imaging biomarker is closely coupled
or linked to the presence of the target
disease or condition; (b) the detection
and/or quantitative measurement of the
imaging biomarker is accurate, reproduc-
ible, and feasible over time; and (c) the
measured changes over time in the imag-
ing biomarker are closely coupled or
linked to the success or failure of the
therapeutic effect and the true end point
sought for the medical therapy being
evaluated (15-17).

To understand this validation process,
it is useful to review examples of its ap-
plication to familiar imaging biomarkers.
CT scans are often used to evaluate met-
astatic disease to the liver. Tumor volume
is the imaging biomarker, with a reduc-
tion in volume the desired therapeutic
effect and decreased patient mortality
over a period of time the traditional or
true end point. Use of CT in the detection
of liver lesions is closely linked to meta-
static disease, and CT measurement of
tumor volume is accurate, reproducible,
and feasible over time. Furthermore, re-
duction in tumor volume in response to
therapy may be easily measured, and
such reduction has been linked to pro-
longed survival (18). Since CT measure-
ment of liver lesion volume meets the

Volume 227 - Number 3

validation criteria for an imaging biomar-
ker, it may be confidently used in this
role, as it has been in the past for drugs
such as trastuzumab (Herceptin; Genen-
tech, South San Francisco, Calif).

This paradigm may also be used to ex-
clude the use of certain imaging findings
as biomarkers. For example, bone densi-
tometry can be used to provide accurate
measurements of bone mineral density
in osteoporosis and allow accurate and
reliable identification of bone mineral
density changes in response to therapy.
However, such measurements do not
help in assessment of trabecular architec-
ture or overall bone strength, a crucial
true end point in therapy to reduce the
risk of insufficiency fracture. In this case,
without a strong link to the true end
point sought, bone densitometry does
not meet the criteria for a valid biomar-
ker in imaging, despite its routine use in
the diagnosis of osteoporosis. Instead,
conventional radiographs, which can de-
pict a fracture, would be a superior imag-
ing biomarker.

When validating an imaging biomar-
ker, other crucial considerations include
the side-effect profile or toxicity of the
therapy being evaluated and whether the
contemplated biomarker demonstrates
these findings. Biomarkers that show
therapeutic effects of a drug may not allow
adequate assessment of untoward effects of
that drug, leading to the possibility of a
dangerously incomplete evaluation. For
example, it is entirely possible that a che-
motherapy trial designed around an imag-
ing biomarker, such as CT measurement of
tumor volume, could accurately demon-
strate a meaningful therapeutic effect

while completely missing serious cardio-
toxicity. Accordingly, such effects must be
carefully considered when imaging bio-
markers are used. Indeed, because so many
new drugs fail clinical development be-
cause of safety issues, imaging biomarkers
that can provide insight into toxicity may
have value in their own right.

Ultimately, scientists and regulators
are most likely to accept surrogate end
points that have been well studied and
characterized in large groups of patients,
because such large studies are likely to
minimize the possibility of unexpected
and inaccurate results that might reflect
limited experience with a given surrogate
end point. In a well-known example in
the cardiology community, antiarrhyth-
mic agents were believed to provide an
increased survival benefit to patients af-
ter myocardial infarction. This belief was
based on the observation that such ar-
rhythmias were a frequent cause of death
and on the clinical demonstration that
these agents did in fact reduce such ar-
rhythmias. However, when the effect of
these drugs on survival was directly mea-
sured in a well-controlled trial, the ther-
apy was found to substantially increase
mortality, much to the surprise of the
investigators (19). This and similar expe-
riences demonstrate how even logically
appealing surrogate end points benefit
from a validation process that incorpo-
rates extensive patient experience. Im-
portantly, such patient experience may
be feasible for many imaging biomarkers,
given their widespread use in numerous
clinical settings.

There are some instances where an im-
aging biomarker might still be useful de-
spite minimal validation. For example, a
novel molecular imaging approach
might be so new that only limited expe-
rience is available in a given application,
but even preliminary data might provide
valuable insight. In this situation, the
validation might be more appropriately
described as technical or limited valida-
tion rather than clinical validation. The
imaging test must still be trustworthy,
but it may not have been widely used in
clinical practice; therefore, the limits of
its validity may be narrow.

Imaging biomarkers that meet the val-
idation paradigm set forth above or other
suitable validation paradigms have enor-
mous potential to provide value in pre-
clinical and clinical settings. However, to
realize this potential there must be an
organized and determined effort on the
part of radiologists and the broader med-
ical community. This necessarily in-
cludes research to determine what exist-
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ing anatomic, physiologic, biochemical,
or molecular imaging parameters may be
useful as surrogate end points, as well as
where they may be applied. It is particu-
larly important that this information be
made easily available to decision makers
in government and industry to ensure
that the expanded use of biomarkers is
fully exploited. Finally, when use of an
imaging biomarker is seriously consid-
ered, that particular biomarker must be
fully validated for the setting in which it
is to be applied, by using the paradigm
described in this article or other similarly
rigorous criteria.

The Department of Radiology at the
Massachusetts General Hospital, Boston,
has already taken the first steps in what is
hoped to be a determined effort on the
part of the radiology community to an-
swer the challenge created by imaging
biomarkers. In April 2001, the MGH Cen-
ter for Biomarkers in Imaging was
founded. The center is dedicated to fur-
thering knowledge about biomarkers
through several discrete efforts. Initially,
the center is attempting to catalog bio-
markers present at MGH; as resources
permit, this effort will be extended be-
yond the center. This information is
readily available to interested physicians,
scientists, industry representatives, and
regulators on the center’s Website (www
.biomarkers.org). In the future, an assess-
ment of the degree of validation of each
biomarker may be added. As specific in-
terests are identified and resources allow,
the center will undertake rigorous scien-
tific research to fully validate those bio-
markers that may be useful to decision
makers in clinical practice, government,
and industry.

Through these and related efforts, we
hope that the radiology community in
general and academic radiology in partic-
ular become active participants in the
identification, development, and valida-
tion of imaging biomarkers, applying
this science to the evaluation of new
medical products. This would necessarily
involve the publication of scholarly re-
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search addressing the appropriate use of
imaging biomarkers in the peer-reviewed
medical literature. Industry is likely to be
a key participant in these efforts by pro-
viding resources to evaluate imaging bi-
omarkers of interest and as a funding
source with the potential to broadly sup-
port and substantially expand medical
imaging research.

Imaging biomarkers are only as strong
as the scientific foundation on which
they are built, and the MGH Center for
Biomarkers in Imaging alone cannot pos-
sibly achieve the full promise of imaging
biomarkers. The broader radiology com-
munity, including professional societies,
institutions, and individual radiologists,
must become engaged in the biomarkers
concept, fostering both the underlying
science and the practical application of
these important tools. By working to-
gether, the radiology community can
and will achieve the full benefits of im-
aging biomarkers, including improved
early medical product development and
preclinical testing, as well as more effi-
cient clinical trials. In doing so, our com-
munity will ultimately provide a sounder
scientific basis for all medical imaging
and the care we provide our patients.
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